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This invention relates to a method and to a device for 
obtaining a low-noise optical signal. 

In spectroscopic methods, it is conventional to perform 
spectral measurements on a system by letting through a luminous 
5 beam transmitted or sent back by this system through a slit. 
Scanning the slit then enables to cover a selected spectral domain. 

The noise generated in the signals obtained is thus rather 
penalising, and obliges generally to implement different filtering 
techniques to obtain satisfactory results. The noise includes in 
10 particular a component with rapid fluctuations, i.e. over a small 
wavelength scale with respect to the bandwidths of the peaks of the 
signals (in particular smaller than one fifth of the bandwidths), and 
a low fluctuation component, i.e. over a great wavelength scale with 
respect to the bandwidth of the peaks (in particular 5 times 
15 greater). This second component of the noise includes notably a 
background noise, consisting of spurious intensity level, added to 
that of the signals. 

The different types of noise require generally distinct 
processes which aim at reducing the effects thereof. 
20 This invention relates to a method for obtaining a low-noise 

optical signal enabling to eliminate almost completely the 
background noise, without resorting to complex filtering techniques, 
but authorising to use very simple digital procedures. 

The method of the invention also enables to reduce 
25 substantially the random noise with rapid fluctuations or white 
noise. 

The method of the invention also advantageously authorises 
considerable reduction of the measuring and calculation interval. 

The invention also relates to a device for obtaining a low- 
30 noise optical signal having the advantages mentioned above, which 
may be realised by means of optical components available on the 
market and easy to be implemented. 

In this view, the invention relates to a method for obtaining a 
low-noise optical signal. In this method: 
35 • a luminous beam is injected through an aperture, 
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• the intensity of the beam is detected after going through 
the aperture, and 

• a basic optical signal is generated, representative of the 
intensity measured as a function of time. 

5 According to the invention: 

• the luminous beam is also injected through another 
aperture, 

• another intensity of the beam is detected after going 
through the other aperture, 

10 • a corrective optical signal is generated, representative of 

the other intensity measured as a function of time, and 

• both optical signals obtained are subtracted, so that a 
resulting optical signal is provided, forming the low-noise 
optical signal. 

15 The subtraction of both optical signals obtained eliminates 

almost completely the background noise. Moreover, the absence of 
the background noise authorises considerable reduction of the 
measuring and processing interval, since the intensity reference is 
always 0. 

20 The more so, the addition of complementary information on 

the beam, thanks to double measurement, takes the precedence 
over accumulation of the white noise of both signals used. 
Integration of the resulting signal enables to obtain a gain in the 
signal/white noise ratio of approximately V2 . 

25 Preferably, the apertures are two slits of a spectroscopic 

device, the optical signals being expressible relative to the 
wavelength. 

In particular, the spectroscopic device comprises a rotary slit 
monochromator. Time scanning is thus assimilated to wavelength 
30 scanning. 

Advantageously, both slits are arranged on the same plane, 
corresponding to the scanning plane. 

The gap between both apertures is preferably optimised 
relative to the signals to be processed. In an advantageous 
35 embodiment, the basic optical signal comprising peaks of intensity 
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having a full bandwidth at half maximum, the apertures are spaced 
apart so that they are separated by a gap corresponding to 2 to 4 
times this bandwidth, and preferably approximately equal to 3 
times. 

5 The peaks of intensity of both optical signals are then 

sufficiently close so that the noise is reduced efficiently and 
sufficiently remote to prevent the subtraction of the signals from 
affecting the information on those peaks. 

One then focuses advantageously on one of the peaks of 

10 intensity of the basic optical signal, and optical signals are 
generated over an interval (I) having a width slightly greater than 
the gap (D) between this peak of intensity and the corresponding 
peak of intensity of the corrective optical signal, said value being 
preferably comprised between 1.2 and 1.5 times said gap (D), and 

15 covering approximately these peaks of intensity. 

To identify and to specify a given peak, this interval suffices, 
whereas in the presence of the background noise, considerably 
greater length is required to extract the peak of intensity. 

Preferably, the resulting optical signal is time-integrated. 

20 Thus the information obtained for both optical signals 

measured is associated, by replacing each of the couples of 
positive and negative peaks with a single peak of intensity. The 
signal obtained, wherein the signal/white noise ratio is multiplied 
byV2, lends itself to conventional digital processing cycles. 

25 Time integration corresponds, when using spectroscopic 

applications, to spectral integration. 

According to a first preferred embodiment, the intensities of 
the beam are detected simultaneously after going through both 
apertures. 

30 One obtains thus complete information on both optical 

signals. 

In a second preferred embodiment, the intensities of the 
beam are detected alternately after going through both apertures 
and the basic and corrective optical signals are reconstructed, 
35 preferably by integration. 
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This time chopping enables to use a single sensor instead of 
two. Then, time chopping should be selected judiciously for the 
alternate detection of both optical signals. The purpose indeed is 
not to damage the information obtained further to too slow an 
5 alternate cycle, while implanting the time chopping without too 
much complexity. 

The invention also relates to a device for obtaining a low- 
noise optical signal. This device comprises: 

• an aperture intended to be traversed by a luminous beam, 
10 • means for detecting the intensity of this beam, arranged 

downstream of this aperture and capable of generating a 
basic optical signal representative of the intensity 
measured as a function of time, and 

• a processing unit, capable of processing the basic optical 
15 signal. 

According to the invention, the device comprises another 
aperture intended to be traversed by the luminous beam, the 
detection means are provided to also detect another intensity of the 
beam after going through the other aperture and to generate a 

20 corrective optical signal representative of the other intensity 
measured as a function of time. The processing unit is laid-out to 
subtract both optical signals obtained, in order to generate thus a 
resulting optical signal forming the low-noise optical signal. 

The apertures are preferably the slits of a spectroscopic 

25 device. 

In a first preferred embodiment, the detection means 
comprise two sensors, intended to detect respectively and 
simultaneously the beam after going through both apertures. 

In a second preferred embodiment, the detection means 
30 comprise a sensor and a chopper interposed between the sensor 
and the apertures, the chopper being intended to let through 
alternately towards the sensor the beam after going through both 
aperture. 
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In this second embodiment, the device comprises 
advantageously an integrator, laid out to reconstruct the optical 
basic and corrective signals. 

The invention will be better understood and illustrated in the 
5 light of particular embodiments and examples of implementations 
without being limited thereto, with reference to the appended 
figures, whereon: 

Figure 1 represents schematically a first embodiment of a 
device according to the invention. 
10 Figure 2 represents schematically a second embodiment of a 

device according to the invention. 

Figure 3 represents two spectral curves of intensity obtained 
respectively by measuring a beam after going through two slits of 
the device of Figure 1. 
15 Figure 4 represents the spectral curve of intensity resulting 

from the subtraction between both curves of Figure 3, at reduced 
scale of intensity; and 

Figure 5 represents a spectral curve corresponding to 
spectral integration of the curve of Figure 4. (■ 
20 On Figures 1 and 2, identical or similar elements are 

designated by the same references. 

A first embodiment of a spectroscopic device (Figure 1) 
comprises two slits 1 and 2 spaced by a gap d. These slits 1 and 2 
are for instance mobile slits intended to perform a wavelength 
25 scanning. The slits 1 and 2 are respectively coupled to two sensors 
3 and 4, themselves connected to a processing unit 5. 

In operation, a luminous beam is let through simultaneously 
through the slits 1 and 2, this beam being detected by the sensors 
3 and 4 respectively after going through slits 1 and 2. Thus two 
30 spectral curves 21 and 22 (Figure 3) are obtained, generated 
respectively by the sensors 3 and 4. These curves 2.1 and 22 
provide the intensity of the signals detected (axis 12) as a function 
of the wavelength or the time (axis 11). In the presence of a 
wavelength significant of the system measured, each of the curves 
35 21 and 22 exhibits a peak of intensity 15 and 16, having a 




bandwidth L at half the maximum. These peaks 15 and 16 are 
respectively centred on axes 13 and 14, spaced by a gap D. This 
gap D is directly in relation with the distance d between the slits 1 
and 2, and also depends on the displacement velocity of the slits 1 
5 and 2. 

Preferably, the distance d is selected so that the gap D 
ranges between 2 and 4 times the bandwidth L. For exemplification 
purposes, the bandwidth L is 5 pm and the gap D is 15 pm. 

Both curves 21 and 22 obtained include a white noise, as well 

10 as a background noise corresponding to a background intensity F. 
This background intensity F is approximately the same for both 
curves 21 and 22. 

By means of the processing unit 5, the curve 22 is then 
subtracted from the curve 21, in order to obtain a curve 23 (Figure 

15 4) which thus accepts a positive peak 17 and a negative peak 18, 
respectively centred on the axes 13 and 14. The curve 23 exhibits 
the particularity of not containing any background noise any longer, 
the peaks 17 and 18 having their bases on the axis 11 
corresponding to nil intensity. 

20 Then the curve 23 is integrated, so that a curve 24 is 

obtained (Figure 5) generating the integration intensity (axis 20) as 
a function of the wavelength. This curve 24 accepts a peak 19 
having its apex comprised between the axes 13 and 14 and two 
inflexion points at its intersections with the axes 13 and 14. The 

25 curve 24, deprived of a background noise such as the curve 23, has 
a signal/white noise ratio improved by a factor V2. 

Advantageously, the wavelength measurements are 
performed only over an interval I centred on the peaks 15 and 16, 
therefore on the peak 19, and limited in the immediate vicinity of 

30 these peaks 21 and 22 (Figure 3). Indeed, this small width interval I 
suffices to obtain the necessary information, because of the 
absence of background noise. For instance, the bandwidth L and 
the gap D being respectively 5 pm and 15 pm, the interval I has a 
width 20 pm only. 
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In a second, embodiment of the spectroscopic device (Figure 
2), both slits 1 and 2 are coupled to a single sensor 7, a chopper 6 
being interposed between the sensor 7 and the slits 1 and 2. The 
function of the chopper 6 consists in sending alternately to the 
5 sensor 7 the beam issued from the slits 1 and 2. The sensor 7 is 
itself connected to the processing unit 5. 

In operation, curves similar to those of Figure 3 are obtained, 
but hatched, which involves reconstruction of the curves on the 
missing portions. To do so, one uses advantageously an integrator. 
10 One then proceeds as in the first embodiment. 



